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Abstract: Although J/y weak decays are rare, they are possible within the standard model of elementary particles.

Inspired by the potential prospects of the future intensity frontier, the C parity violating J/y — 7, i’ decays

and the strangeness changing J/y — 7K, Kn"") decays are studied via the perturbative QCD approach. It is determ-

ined that the J/y» — ny’ decays have relatively large branching ratios, approximately on the order of 10~!'!, which

might be within the measurement capability and sensitivity of the future STCF experiment.
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I. INTRODUCTION

Today, nearly fifty years after the discovery of the
J/y particle in 1974 [1, 2], charmonium continues to be
an interesting and exciting subject of research because it
bridges the physics contents between the perturbative and
nonperturbative energy scales and help elucidate the com-
plex behavior and dynamics of strong interactions. In ad-
dition, the recent observations of exotic resonances bey-
ond our comprehension, such as XYZs [3], have caused
an upsurge of research on charmonium-like states and
stimulated several experimental and theoretical activities.

The J/y particle, a system consisting of the charmed
quark and antiquark pair c¢, is the lowest orthocharmoni-
um state with the well established quantum number of
JPC€ =1 [3]. With the same quantum number J7¢ as the
photon, the J/¢ particle can be directly produced by e*e”
annihilation. To date, there are more than 10'° J/y events
available with the BESIII detector [4]. Considering the
large J/y production cross section o ~ 3400 nb [5],
it is expected that more than 10'3 J/y events will be ac-
cumulated at the planning Super Tau Charm Facility
(STCF) with 3ab™! on-resonance dataset in the future.
The large amount of data provides a good opportunity for
studying the properties of the J/y particle, understanding
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the strong interactions and hadronic dynamics, exploring
novel phenomena, and searching for new physics (NP)
beyond the standard model (SM).

The mass of the J/y particle, m, = 3096.9 MeV [3],
is below the open charm threshold. The J/¢ hadronic de-
cays via the annihilation of ¢¢ quark into gluons are of a
higher order in the quark-gluon coupling a, and are
therefore severely suppressed by the phenomenological
Okubo-Zweig-lizuka (OZI) rule [6-8]. The OZI suppres-
sion results in (1) the electromagnetic decay ratio having
the same order of magnitude as its strong decay ratio,
Br(J/y—y*—€*{ +hadrons) ~ 25% and Br(J/y—ggg) ~
64% [3], and (2) a small decay width, I';, = 92.9+2.8 keV
[3]. Generally, the more the number of particles in the fi-
nal states, the more the effect of compact phase spaces
resulting in a relatively less occurrence probability, and
the lower the experimental signal reconstruction effi-
ciency. The kinematics are simple for the J/y two-body
decays. Given the conservation of quantum number J”
(i.e., the simultaneous conservation of both angular mo-
mentum and P parity) in the strong and electromagnetic
interactions, the J/ — PP, PV, VV, §S, SA, AA de-
cays originate from the P-wave contributions correspond-
ing to the relative orbital angular momentum of the final
states £ = 1 and additional F-wave (£ = 3) contributions
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to J/y — VV, AA decays, where P, V, S, and A4 represent
the light S U(3) meson nonets, the pseudoscalar meson P
with J® = 07, vector meson V with J¥ = 1-, scalar
meson S with J© = 0*, and axial-vector meson 4 with
JP = 1*. The J/y — PA, VS, VA decays emerge from
the S-wave (¢ = 0) contributions, and additional D-wave
(¢ = 2) contributions to J/yy — VS, VA decays; however,
the J/yy — PS decays are forbidden. Usually, the V, S
and A mesons are unstable and decay immediately after
their productions into many other particles. Experiment-
ally, the branching ratios of the J/yy — PV decays for all
the possible flavor-conservation combinations of final
states, such as np, mw, 1”p 1w, nV¢, and KK , have
been well determined, except for the double-OZI suppres-
sion n¢ mode [3]. For the J/y — PP and VV decays,
when the final states have explicit C-parity, the C invari-
ance forbids these processes, and Bose symmetry strictly
forbids two 1identical particles in the final states.
Presently, only five branching ratios for the J/y — 77~
K*K~, KYK9, KK, and KK decays have been
quantitatively measured [3]. Theoretically, the J/y
particle is widely regarded as a SU(3) singlet, and the
possible admixture of light quarks is negligible. It is usu-
ally assumed [9-49] that the J/y decay into two mesons
could be induced by the interferences of (a) c¢ — ggg —
qq, where g denotes light quark, (b) cc — ygg — ¢4, (¢)
cc = y* - qq, (d) the c¢ & ¢g mixing, and (e) the virtu-
al process ¢¢ — ¢g + ¢q — qq. Based on the quark mod-
el or unitary-symmetry schemes, the J/yy — PP, PV de-
cays via the strong and electromagnetic interactions have
been extensively studied using phenomenological mod-
els, such as the vector meson dominance model in Refs.
[9-20], and various parametrizations of the OZI J/y pro-
cess in Refs. [21-45].

Currently, the sum of all the measured branching ra-
tio of exclusive J/y decay modes, which include lepton-
ic, hadronic, and radiative decay modes, is about 66%
[3]; therefore, there are many other J/y decay modes yet
to be experimentally determined and studied. In addition
to the strong and electromagnetic decays, the J/y particle
can also decay via the weak interactions within SM, al-
though it is estimated that the branching ratios of J/y
weak decays could be very small, approximately 2/7pI,
~ O(107%), where 7p and I, are the lifetime of the
charmed D meson and full width of the J/y particle, re-
spectively. In principle, the J/¢ weak decays are pos-
sible in different ways: (a) the c¢ pair annihilation into a
virtual Z boson cascading into leptons or quarks, which is
unsuitable for measurements owing to the serious pollu-
tion of strong and electromagnetic decays, (b) the W
emission, (c) the W exchange, and (d) the flavor-chan-
ging-neutral currents. The characteristic signal of the W-
emission J/y weak decays is a single charmed hadron in

the final states. The semileptonic J/y — DEY; + Ty, de-

cays and hadronic J/y — ng; + X decays (where X = P,
V) have been investigated experimentally [3, 50-53] and
phenomenologically [54-67], where several different up-
per limits on branching ratios at a 90% confidence level
are obtained mainly from BESII and BESIII experiments
[50-53]. When the charmed hadrons are absent from the
final states, the J/¥ weak decays into light hadrons could
be induced by the W exchange interactions. It is gener-
ally thought that the amplitudes for the W-exchange de-
cays are suppressed, relative to those for the //-emission
decays. Only a few studies on W-exchange J/y weak de-
cays exist [68-70]. The study of the J/yy — PP weak de-
cays is helpful in testing the non-conservation of the C
parity and strangeness quantum number. Based on the
1.3x10° J/y events collected with the BESIII detector,
the upper limit on branching ratio for the C parity violat-
ing J/y — KJK? decay, < 1.4x107®, was recently ob-
tained at a 95% confidence level [70]. Inspired by the po-
tentials of BESIII and future STCP experiments, in this
study, we examine the J/y decays into two pseudoscalar
mesons via the W exchange interactions. Our study will
provide a ready reference for future experimental invest-
igations to further test SM and search for NP.

II. THE EFFECTIVE HAMILTONIAN

The effective Hamiltonian governing the J/yy — PP
weak decay is expressed as [71],

G .
Her = 7; D Vea, Vi [C110) 01 () + Co1) O ()} +hc.,

q91:9>
(1)

where Gg =~ 1.166x107> GeV~2 [3] is the Fermi coupling
constant; V,, is the Cabibbo-Kobayashi-Maskawa
(CKM) element, and g, € {d, s}. The latest values of
CKM elements from collected data are |V =
0.221+0.004 and |V, = 0.987+0.011 [3]. The factoriza-
tion scale u separates the physical contributions into
short- and long-distance parts. The Wilson coefficients
Ci, summarize the short-distance physical contributions
above the scales of u. They are computable with the per-
turbative field theory at the scale of the W* boson mass
my and then evolve into a characteristic scale of u for the
¢ quark decay, based on the renormalization group equa-
tions.

C(w) = Ua(ut,mp) M(my) Us(mp,my) C(my), — (2)

where the explicit expression of the evolution matrix
Us(uy,pi) and the threshold matching matrix M(m;) can
be found in Ref. [71]. The operators describing the local
interactions among four quarks are defined as
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01 = [Cayu(1=75)q1.a][G257" (1 = ¥5) g, (3)

02 =[Cavu(1=75) Q18] [G257" (1 = ¥5) Cal, 4)
where « and S are color indices.

It should be noted that the contributions of penguin
operators, being proportional to the CKM factors V., V7,
+ Ve Vig = =V V3, ~ O(1*), are not considered here, be-
cause they are more suppressed than the tree contribu-
tions, where the CKM factors V. Vi, ~ O(1), Vi Vi, ~
oW, Vea Vi) ~ O(1?), and the Wolfenstein parameter A
~ 0.2.

The decay amplitudes can be expressed as

G 2
AUNY—PP) = =5 3" Veq Viy > Ciw)(PPIOGO /W),
\/E q1-9> i=1 (5)

where the hadron transition matrix elements (HMEs)
(PP|O;(u)|J/y) = {O;) relate the quark operators with the
concerned hadrons. Owing to the inadequate understand-
ing of the hadronization mechanism, the remaining and
most critical theoretical work is to properly compute
HME:s. In addition, it is not difficult to imagine that the
main uncertainties will come from HMEs containing non-
perturbative contributions.

IOI. HADRON TRANSITION MATRIX ELEMENTS

In the past few years, several phenomenological mod-
els, such as the QCD factorization (QCDF) [72-77] and
perturbative QCD (pQCD) approaches [78-84], have been
fully developed and widely employed in evaluating
HMEs. According to these phenomenological models,
HMEs are usually expressed as the convolution of scat-
tering amplitudes and the hadronic wave functions
(WFs). The scattering amplitudes and WFs reflect the
contributions at the quark and hadron levels, respectively.
The scattering amplitudes describing the interactions
between hard gluons and quarks are perturbatively calcul-
able. WFs representing the momentum distribution of
compositions in hadron are regarded as process independ-
ent and universal, and could be obtained by nonperturbat-

(a)

Fig. 1.

ive methods or from collected data. A potential disad-
vantage of the QCDF approach [72-77] in the practical
calculation is that the annihilation contributions cannot be
computed self-consistently, and other phenomenological
parameters are introduced to deal with the soft endpoint
divergences using the collinear approximation. With the
pQCD approach [78-84], to regularize the endpoint con-
tributions of the QCD radiative corrections to HMEs, the
transverse momentum are suggested to be retained with-
in the scattering amplitudes on one hand, and on the oth-
er hand, a Sudakov factor is introduced expressly for the
WFs of all involved hadrons. Finally, the pQCD decay
amplitudes are expressed as the convolution integral of
three parts: the ultra-hard contributions embodied by
Wilson coefficients C;, hard scattering amplitudes H,
and soft part contained in hadronic WFs ®.

A = l—[fdxjdbjC,-(t,-)?-(,-(t,-,xj,bj)(bj(xj,bj)e_s', (6)
J

where x; represents the longitudinal momentum fraction
of the valence quark, b; is the conjugate variable of the
transverse momentum, and ¢S/ is the Sudakov factor. In
this study, we adopt the pQCD approach to investigate
the J/y» — PP weak decays within SM.

IV. KINEMATIC VARIABLES

For the J/y — PP weak decays, the valence quarks
of the final states are entirely different from those of the
initial state. Only annihilation configurations exist.
Therefore, the J/yy — PP weak decays provide us with
some typical processes to closely scrutinize the pure anni-
hilation contributions. As an example, the Feynman dia-
grams for the J/yy — n~K* decay are shown in Fig. 1.

It is convenient to use the light-cone vectors to define
the kinematic variables. In the rest frame of the J/¢
particle, one has

My

= = 1,1,0), /

Py = P1 \/—( ) ( )

px = p2» = —(1,0,0) ®)
K 2 VAt

(color online) Feynman diagrams for the J/y — n~K* decay with the pQCD approach, where (a, b) are factorizable diagrams,

and (c, d) are nonfactorizable diagrams. The dots denote appropriate interactions, and the dashed circles indicate scattering amplitudes.
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= py = 2(0.1.0) )
pﬂ p3 \/5 s 4y 0
ki = x1 p1+(0,0,&1,), (10)
ko = x2p3 +(0,0,k2.), (11)
ks = x3 p3 +(0,0,K3,), (12)
d = —(1.-10. (13)
V2

where k;, x;, and I?,- 1 represent the momentum, longitud-
inal momentum fraction, and transverse momentum, re-
spectively. The quark momentum k; is illustrated in Fig.

1(a). e:i is the longitudinal polarization vector of the J/y
particle and satisfies both the normalization condition
él.dl = _1 and the orthogonal relation e” = 0. All

€€y =
hadrons are on mass shell, i.e., p; = 0 and p3

my, ps =

V. HADRONIC WAVE FUNCTIONS

With the convention of Refs. [66, 85-87], the WFs
and distribution amplitudes (DAs) are defined as

(0]24(0) cp(2) I (p1,€))
1
=wafdk1 e ylmy 8~ 16 e (14)

(K(p2)|a(0) s5(2)10)

== 1£K fdk ek Z{7’5[/172<I51<+,ul<¢>p
—pk (P ho=1) Bl (15)

(7(p3)|de(0) up(2)|0)

= 1fr fdkSC lk?Z{YS[p?;(pn"_ﬂn‘pﬂ
i (e P =D 6] (16)

where fy, fx and f; are decay constants; g, = 1.6+0.2
GeV [86] is the chiral mass; n, = (1,0,0) and n_ =
(0,1,0) are the null vectors; and % and q) P are twist- 2
and twist-3, respectively. The explicit expressions of ¢
and ¢3”" can be found in Ref. [66] and Refs. [86, 87], re-
spectively. We collect these DAs as

8’"—2) (17)

v —Axx _
¢w(x) xxexp( i

t = 2 mg
¢l (x) = B(-x) exp(— Swzx)_c), (18)
¢5(x) = 6xx(1+al C7* &) +d5 C)(©), (19)
bx)=1+3pF —9p"al +18p% al

3

+ E(pf+p1_3)(1 -3al +6a))In(x)
3

+ E(pf—pf)(l +3al +64)In(x)

3 27
~Gpl =S plal +27p0a)C @)

+(30np-3p"al + 150" by C(&), (20)

3
Pp(x) =§(,0 -3piay +6p"a))
—Cl/z(f){l+3pf—12p al +24p" ab

+= (p++pP)(1—3a1+6a2)1n(x)

+-(p+ P (1 +3al +64b)In(%))
15
-3Gpla - plaf) C) @), @1

where x = 1 —xand &€ = x — . w = meay(m.) is the
shape parameter. The parameters 4 and B in Egs. (17)
and (18), respectively, are determined by the normaliza-
tion conditions,

f ¢, (0dx = 1. (22)

For the meaning and definition of other parameters, refer
to Refs. [86, 87].

VI. DECAY AMPLITUDES

When the final states include the isoscalar n or/and
n’, we assume that the glueball components, charmoni-
um or bottomonium, are negligible. The physical n and '
states are the mixtures of the SU(3) octet and singlet
states, respectively. In our calculation, we will adopt the
quark-flavor basis description proposed in Ref. [88], i.e.,

n | _[ cos¢ —sing Ty
( 7 )_( sing  cos¢g )( s ) (23)
where the mixing angle is ¢ = (39.3+£1.0)° [88]; n, =
(uit+dd)/ V2 and n, = s5. In addition, we assume that

DAs of n, and 7, are the same as those of pion; however,
with different decay constants and mass [88-90],

£, = (1.07£0.02) f;, (24)
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fs = (1.34£0.06) f7, (25)
2
m% = m,zl cos’¢ + m% sin¢p— ﬂ(m% - m,zi)cos¢ sing,
2 2
(26)
2 _ 22 2 2 Jq 2 2 .
m;, = m,sin“¢ +m,, cos" ¢ — (m;, —m;) cosgsing.

V2 f,
(27)

Forthe Cparity violating J/¢ decays, the amplitudes are

G .
AT —1"0,) = — ——= Vg Vi ar [Aap(m.15)

2V2
+Awp (g, )]+ C1 [Aca(m,ng)
+Aca(ng, m}, (28)
A [y—r"y) = AU [p—n"n,)cose, (29)
AT y—r"n) = AT y—n"n,)sing, (30)

A Y—1515) = V2 GE Ves Vi {a2 Aap(15,115)

+C1 ﬂcd(nssnS)}’ (31)
G .
AT —=ng1q) =——= Vea Viglaz Aw(g.19)
V2
+C1 Aca(11g:19)} (32)

AT =) ={ AT Y—ngn,)
— A [Yy—ngn;,)}sing cose. (33)

For the strangeness changing J/y decays, the amp-
litudes are

Table 1.

AT Y- KT) =&

V2

+Cl ﬂcd(ﬂ"K)}’ (34)

Ves V:d {02 ﬂuh(ﬂ', K)

G
2
+C1 ﬂcd(ﬂ',K)}, (35)

AT 1K) == = Vo, Vi {as Awp(m, K)

G .
A y—K ) =7‘% Vs Vi (a2 Aup (K1)

+Cl ﬂcd(Kv nx)}v (36)

G\, e
A=K 1g) == Ves Vig a2 Aap (g K)

+Cl ﬂcd(nq’K)}’ (37)

AU Y—K ) =AW y—K n,) cosp
- AU /y—Kn,)sing, (38)

AU y—K) = AT y—K n,) sing
+ A y—K ) cos, (39)

where coefficient a; = C; + C,/N, and the color number
N. = 3. The amplitude building blocks A;; are listed in
Appendix A. From the above amplitudes, it is foresee-
able that if the J/y — ) decays are experimentally ob-
served, the CKM element |V,4| can be constrained or ex-
tracted.

VII. NUMERICAL RESULTS AND DISCUSSION

The branching ratio is defined as

Br= LN __\aujy—PP), (40)
247me Ty

where p.q, is the center-of-mass momentum of final states
in the rest frame of the J/y particle. Using the inputs in
Table 1, the numerical results of branching ratios are ob-

Values of the input parameters, with their central values regarded as the default inputs, unless otherwise specified.

mass, width, and decay constants of the particles [3]

myo = 134.98 MeV,
Mp= = 139.57 MeV,
my = 547.86 MeV,

me = 1.67£0.07 GeV,

mgo = 497.61 MeV,
mg= = 493.68 MeV,
my = 95778 MeV,
myy = 3096.9 MeV,

fr = 130.2+1.2 MeV,
fx = 155.7+0.3 MeV,

fy = 395.1+5.0 MeV [66],
Ty = 92.9+2.8 keV,

Gegenbauer moments at the scale of u = 1 GeV [86]

1

a’ =0,

a3 = 0252015,  af =0.06£0.03,  af =0.2520.15
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Table 2.
meters of m, pp, and af.

Branching ratios for the J/y — PP weak decays, where the uncertainties originate from mesonic DAs, including the para-

C parity violating decay modes

mode Br mode Br
Iy = = @32:55x1071 Iy = mr B0175Hx107!
Jy — 2% (1-45t8:?2)><10_14
the strangeness changing decay modes
mode Br mode Br
Iy - 7K (0.992535)x10712 Iy = K (084755)x 1071
Jy - x°K° (04975gp)x 1071 Iy = Ko (1947059x10" 2

tained and presented in Table 2. Our comments on the
results are presented as follows:

(1) The J/¢ — nn’ decays are Cabibbo-favored. The
J/y — Knrn and Kn“ decays are singly Cabibbo-sup-
pressed. The J/y — anp® decays are doubly Cabibbo-
suppressed. Therefore, there is a hierarchical structure,
i.e.,.Br(J/y—mm’)~0(10~Y, Br(J/y—Knr, Kn")~0(107 12—
10713) and Br(J/y—mn") ~ O(10714).

(2) Compared with the external W-emission induced
JIy — DM decays, the internal W-exchange induced
J/Yy — PP decays are color-suppressed because the two
light valence quarks of the effective operators belong to
different final states. In addition, according to the the
power counting rule of the QCDF approach in the heavy
quark limit, the annihilation amplitudes are assumed to be
power suppressed, relative to the emission amplitudes
[73]. Therefore, the branching ratios for J/yy — PP de-
cays are less than those for the J/y — D ;M decays by
one or two orders of magnitude [63-67].

(3) The nonperturbative mesonic DAs are the essen-
tial parameters of the amplitudes with the pQCD ap-
proach. One of the main theoretical uncertainties emer-
ging from participating DAs is given in Table 2. In addi-
tion, there are several other influence factors. For ex-
ample, the decay constant f, and width T';, will bring
2.5% and 3% uncertainties to branching ratios.

(4) Branching ratios for the J/¢ — nn’ decays can
reach up to the order of 10~'!, which are far beyond the
measurement precision and capability of current BESIII
experiment; however, they might be accessible at the fu-
ture high-luminosity STCF experiment. It will be very
difficult and challenging but interesting to search for the
J/y — PP weak decays experimentally. It could be spec-
ulated that branching ratios for the J/y — PP weak de-
cays might be enhanced by including some novel interac-
tions of NP models. For example, it has been shown in
Refs. [91, 92] that the branching ratios for the W-emis-
sion J/y — D + X weak decays could be as large as 1076
~ 107, with the contributions from NP. An observation
of the phenomenon of an abnormally large occurrence
probability would be a hint of NP.

VIII. SUMMARY

Within the SM, the C parity violating J/y — 7"
and nn’ decays and the strangeness changing J/y — Kn
and Kn" decays are solely valid and possible via the
weak interactions; however, they are very rare. In this
study, based on the latest progress and future prospects of
the J/y physics at high-luminosity collider, we studied
the J/yy — PP weak decays using the pQCD approach
for the first time. It is determined that the branching ra-
tios for the J/y — nn’ decays can reach up to the order of
107!, which might be measurable by the future STCF
experiment.

APPENDIX A: AMPLITUDE
BUILDING BLOCKS

From the definitions of Egs. (15) and (16), it can be
clearly observed that the twist-3 DAs are always accom-
panied by a chiral mass up. Using the pQCD approach, a
Sudakov factor is introduced for each of the hadronic
WFs.

We take the J/yy — K™z~ decay as an example. For
simplicity, we use the following shorthand forms:

¢, = oy (e, (A1)

O% = dplxa)ex, (A2)

W = et e (A3)

¢ = Pixs)e S, (Ad)

= Brgpt)es, (AS)
my,

where the definitions of Sudakov factors are
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t

du

Sy = sCer.phab) +2 f L (A6)
1/b, M
+ -+ Todu
Sk =s(x2,p5,b2) +5(32,p5,1/b2) +2 —Yg
1/b, M
(A7)
_ _ T du
Slrzs(-x37p3 7b3)+s(-x3’p351/b3)+2 qu (AS)
1/b;

The s(x,Q,b) expression can be found in Ref. [80].

1 00
Ay = f dndx, f b Hopfag b b)) i1 (52) 6 6252 =20 10+ 05 (1 + )]

1 o)
Ay = f 0dX2 dxs f ; dby dbs Hap(rg, B, b3, b2) (1) Cilp)S 1(x3) { B Bz x3 — 2% [ X3 — ¢l (1 +x3)]},

Yq =—a,/m is the quark anomalous dimension. In addition,
the decay amplitudes are always the functions of Wilson
coefficient C;. It should be understood that the shorthand

7TCF
CiAj(m,K) =
Jk NC

m, fiy fic F\AHC) + AT} (A9)
where the color factor Cr = 4/3 and the color number
N. = 3. The subscripts j and & of building block Ajy
correspond to the indices of Fig. 1. The expressions of A;
are written as

1 1 00
A =N f dxy dx; dng dbydby Hog(ag,Be, b1, by) ag(t.) Ci(tc){% [¢7< B (x1 —x3) + (P P — Pl B) (K2 — x3)

0 0

c

1
R R A LT REY A S

1 1 00
Aa =5 f del doxy doxs f ) dby dby Heg(etg.Bas b1, by) evy(tg) c,»(td){qs; (6% ¢ (2 = x1) + (P B% — P B7) (x5 — X2)

1
+(¢’;;¢;—¢3<¢£><221—)zz—xz)]—¢;[5¢%¢2—2¢k¢£]} :

2
Hap(@.B.bisbj) = =7 bib [ Jo(b; Na) +i Yotk Na){0(bi = b[ Jo(bi \B) + i Yo(bi B [otb; B + (biob ),

Hea(a@,B,b1,b2) =by by {13” 0B)[Jo(br VB) +1Yo(b1 B)] +6(=B)Ko(b J—_m}g {6(b1 — b2)[Jo(by Va)+

1Yo(b1 Va)lJo(b2 Va) + (b1 =bo)},

where Iy, Jy, Ko, and Yy are Bessel functions. The para-
metrization of the Sudakov factor S,(x) can be found in
Ref. [84]. The virtualities of gluons and quarks are

ag = mifz)@, (41)
Ba = my %, (42)
By = my x3, (43)

(A10)
(A11)
(A12)

by=b,
(A13)

by=b,
(A14)

im

(A15)
Be = ag—my xi (% +x3), (44)
Ba = ag—my X (X2 +x3), (45)
tap = max(Bap, 1/b2,1/b3), (46)
fea = max(\/ag, V|Beal,1/b1,1/b2). (47)
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